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What is claimed is: 

\a memory controller; 

^unidirectional command and address bus coupled to the memory controller, 
5 the memoW controller communicating commands and addresses to the command 
and address Vis; 

a bidirectional data bus coupled to the memory controller, the memory 
controller communicating data information to the bidirectional data bus for a write 
operation and receiving the data information from the bidirectional data bus during a 
10 read operation; \ 

a plurality M of memory devices; 

a buffer register coimected between the command and address bus and the 
plurality of memory devices^lhe buffer register receiving and latching the 
commands and addresses fronrdie command and address bus and driving the 

1 5 commands and addresses to the pluralityy^|^^^>iy devices; and 

a data register connected betweenthe plurality of memory devices and the 
bidirectional data bus, the data registervreceiving and latching the data information 
from the bidirectional data bus and driving the data information to the plurality of 
memory devices for a write operation, the data register receiving and latching the 

20 data information from the plurality of memorV devices and driving the data 
information to the bidirectional data bus for a read operation. 

2. The memory system according to claim 1 wnfe^ein the memory controller 
communicates the commands and addresses and the dak information using a 

25 . pipelined packet-protocol which incorporates a first delayontroduced by the buffer 
register and a second delay introduced by the data register. \ 

3. The memory system according to claim 1 wherein each memory device is a 
dynamic random access memory device. \ 
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4. The memory system according to claim 1 wherein M equals 8. 

A memorV system comprising: 
a memory controller; 

5 a unidirectional command and address bus coupled to the memory controller, 

the memory controller communicating commands and addresses to the command 
and address bus; \ 

a bidirectional data \ms coupled to the memory controller, the memory 
controller communicating data information to the bidirectional data bus for a write 
10 operation and receiving the date information from the bidirectional data bus during a 
read operation; and \ 

a plurality N of pipelined memory subsystems, wherein each memory 
subsystem includes: \ 

a) a plurality M of inemory devices; 
15 b) a buffer register connected between the command and address 

bus and the plurality of memory deWes, the buflFer register receiving and 
latching the commands and addresses\from the command and address bus 
and driving the commands and addresses to the plurality of memory devices; 

and \ 

20 c) a data register connected between the plurality of memory 

devices and the bidirectional data bus, the data register receiving and 
latching the data information from the bidirectional data bus and driving the 
data information to the plurality of memory devices for a write operation, the 
data register receiving and latching the data information from the plurality of 

25 memory devices and driving the data information to the bidirectional data 

bus for a read operation. \ 



6. The memory system according to claim 5 wherein the memory controller 
communicates the commands and addresses using a pipelined packetVotocol which 
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incorporates^ first delay introduced by the buffer register of the plurality of 
pipelined memory subsystems and a second delay introduced by the data register of 
the plurality of mpelined memory subsystems. 

5 7. The memory\system according to claim 5 wherein each memory device is a 
dynamic random access memory device. 

8. The memory system according to claim 5 wherein each of the plurality N of 
pipelined memory subsystems includes eight memory devices and wherein N equals 
10 eight. \ _ 

A memory system comprising: 
a memory controller; \ 

a unidirectional command and address bus coupled to the memory controller, 
15 the memory controller communicating commands and addresses to the command 
and address bus; \ 

a first bidirectional data bus coupled to the memory controller, the memory 
controller communicating first data informatiorito the bidirectional data bus for a 
write operation and receiving the first data information from the bidirectional data 
20 bus during a read operation; \ 

a second bidirectional data bus coupled to the\nemory controller, the 
memory controller communicating second data information to the second 
bidirectional data bus for a write operation and receiving (he second data 
information from the second bidirectional data bus during a\ead operation; 
25 a first plurality N of pipelined memory subsystems, wherein each memory 

subsystem includes: \ 
a plurality of memory devices; \ 
a buffer register connected between the command anckaddress bus 
and the plurality of memory devices, the buffer register receiving and 
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latching the commands and addresses from the command and address bus 
and driving\he commands and addresses to the plurality of memory devices; 
and 

a data register connected between the plurality of memory devices 
5 and the first bidirectional data bus, the data register receiving and latching 

the first data information from the first bidirectional data bus and driving the 
first data information to the plurality of memory devices for a write 
operation, the data register receiving and latching the first data information 
from the plurality of memory devices and driving the first data information 
10 to the first bidirectional dkta bus for a read operation; and 

a second plurality P of pipelined memory subsystems, wherein each memory 
subsystem includes: 

a plurality of memory devices; 

a buffer register connected between the command and address bus 
15 and the plurality of memory devices, the buffer register receiving and 

latching the commands and addresses from the command and address bus 
and driving the commands and addresses to the plurality of memory devices; 
and 

a data register connected betweeAthe plurality of memory devices 
20 and the second bidirectional data bus, the data register receiving and latching ' 

the second data information from the secono\bidirectional data bus and 
driving the second data information to the plurality of memory devices for a 
write operation, the data register receiving and lWhing the second data 
information from the plurality of memory devices\and driving the second 
25 data information to the bidirectional data bus for a r^ad operation. 



10. The memory system according to claim 9 wherein the riiemory controller 
communicates the commands and addresses using a pipelined packet protocol which 
incorporates a first delay introduced by the buffer register of the first plurality of 
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pipelined memory subsystems, and by the buffer register of the second plurality of 
pipelined memory subsystems, and a second delay introduced by the data register of 
the first plurality of pipelined memory subsystems and by the data register of the 
second plurality of pipelined memory subsystems. 
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1 1 . The memory system according tb claim 9 wherein each memory device of 
the first plurality of pipelined memory subsystems and each memory device of the 
second plurality of pipelined memory subsy^te^^a dynamic random access 
memory device. 

1 2. The memory system according to claim 9 Vherein each of the plurality N of 
pipelined memory subsystems includes eight memoW devices and each of the 
plurality P of pipelined memory subsystems include ei^ht memory devices and 
further wherein N and P equal 4. 

A memory system comprising: 
a memory controller; 

a unidirectional\x)mmand and address bus coupled to the memory controller, 
the memory controller conjmunicating commands and addresses to the command 
and address bus; 

a bidirectional data bu^coupled to the memory controller, the memory 
controller communicating data information to the bidirectional data bus for a write 
operation and receiving the data information from the bidirectional data bus during a 
read operation; 

a memory module wherein each pipelined memory subsystem includes: 
a plurality M of memory deuces; 

a buffer register connected betWeen the command and address bus 
and the plurality of memory devices, the puffer register receiving and 
latching the commands and addresses from the command and address bus 
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and driving the co^jmands and addresses to the plurality of memory devices; 
and 

a data register Connected between the plurality of memory devices 
and the bidirectional datk bus, the data register receiving and latching the 
5 data information from the bidirectional data bus and driving the data 

information to the plurality ofvmemory devices for a write operation, the data 
register receiving and latching me data information from the plurality of 
memory devices and driving the date information to the bidirectional data 
bus for a read operation; and 
10 a socket adapted to receive the ntemory module and to couple the 

memory module to the unidirectional command and address bus and to the 
bidirectional data bus. 

14. The memory system according to daim 13 wherein the memory controller 
1 5 communicates the commands and addresses using a pipelined packet-protocol which 

incorporates a first delay introduced by the buf&r register of the memory subsystem 
and a second delay introduced by the data register tff^the memory subsystem. 

15. The memory system according to claim 13 wherein each memory device is a 
20 dynamic random access memory device. 

16. The memory system according to claim 13 wherein M equals 8. 

\ 

\p( A memory system comprising 
25 a memory controller; 

a unidirectional command and address bus coupled to the memory controller, 
the memory controller communicating commantf^and addresses to the command 
and address bus; 
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a bidirectional data bus coupled to the memory controller, the memory 
controller cdWiunicating data information to the bidirectional data bus for a write 
operation and receiving the data information from the bidirectional data bus during a 
read operation; \ 

5 a plurality R.W memory modules wherein at each memory module includes a 

plurality N of pipelined memory subsystems including: 
a plurality of memory devices; 

a buffer register connected between the command and address bus 
and the plurality of memory devices, the buffer register receiving and 
10 latching the commands and addresses from the command and address bus 

and driving the commands and addresses to the plurality of memory devices; 

a data register connected between the plurality of memory devices 
and the bidirectional data bus, the data register receiving and latching the 
data information from th& bidirectional data bus and driving the data 
15 information to the pluralityyof memory devices for a write operation, the data 

register receiving and latching the data information from the plurality of 
memory devices and driving the data information to the bidirectional data 
bus for a read operation; and \ 

a plurality of sockets, wherein each socket is adapted to receive one 
20 of the R memory modules and to couple the received memory module to the 

unidirectional command and address bus and to the bidirectional data bus. 

1 8. The memory system according to claim 1 7 wherein the memory controller 
communicates the commands and addresses using a pipelined packet protocol which 

25 incorporates a first delay introduced by the bufferregister of the memory subsystem 
and a second delay introduced by the data register of the memory subsystem. 

19. The memory system according to claim 17 wherein each memory device is a 
dynamic random access memory device. \ 
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20. The memWy system according to claim 17 wherein each of the plurality N of 
pipelined memory subsystems includes eight memory devices and wherein the 
number of sockets equals eight, R equals eight and N equals one. 

5 21. The memory sV stem according to claim 1 7 wherein each of the plurality N of 
pipelined memory subsystems includes eight memory devices and wherein the 
number of sockets equals\four, R equals four and N equals two. 

A memory system comprising: 
10 a memory controller; \ 

a unidirectional command and address bus coupled to the memory controller, 
the memory controller communicating commands and addresses to the command 
and address bus; \ 

a first bidirectional data buk coupled to the memory controller, the memory 
1 5 controller communicating first data Wormation to the bidirectional data bus for a 
write operation and receiving the firsV data information from the bidirectional data 
bus during a read operation; \ 

a second bidirectional data bus cWpled to the memory controller, the 
memory controller communicating second data information to the second 
20 bidirectional data bus for a write operation Wl receiving the second data 
information from the second bidirectional data bus during a read operation; 

a first and second memory module, the nrst and second memory module 
each having a first memory subsystem and a second memory subsystem; and 

a first and second socket, the first socket aototed to receive the first memory 
25 module and to couple the first memory module to thk unidirectional command and 
address bus and to the first bidirectional data bus, the Second socket adapted to 
receive the second memory module and to couple the sectond memory module to the 
unidirectional command and address bus and to the second^bidirectional data bus. 
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23. The memory system according to claim 22 wherein the first memory 
subsystem comprises\ 

a) ^plurality of memory devices; 

b) a buffer register connected between the command and address 
bus and the plurality of memory devices, the buffer register receiving and 
latching the commands and addresses from the command and address bus 
and driving the commands and addresses to the plurality of memory devices; 
and \ 

c) a data register connected between the plurality of memory 
devices and the first bidirectional data bus, the data register receiving and 
latching the first data information from the first bidirectional data bus and 
driving the first data information to the plurality of memory devices for a 
write operation, the data register Weiving and latching the first data 
information from the plurality of memory devices and driving the first data 
information to the first bidirectional Wa bus for a read operation, and 
further wherein the second memory subsystem includes: 

i) a plurality of memory devices; 

ii) a buffer register connected between the command and 
address bus and the plurality of memory devices, the buffer register 
receiving and latching the commands and addresses from the 
command and address bus and driving the commands and addresses 
to the plurality of memory devices; and \ 

iii) a data register connected between the plurality of 
memory devices and the second bidirectionakdata bus, the data 
register receiving and latching the second dataWormation from the 
second bidirectional data bus and driving the secbnd data information 
to the plurality of memory devices for a write operation, the data 
register receiving and latching the second data information from the 
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plurality of memory devices and driving the second data information 
to the bidirectional data bus for a read operation. 

24. The memory system according to claim 23 wherein the memory controller 

5 communicates the commands and addresses using a pipelined packet protocol which 
incorporates a first delay iritroduced by the buffer register of the first memory 
subsystem and by the buffer register of the second memory subsystem and a second 
delay introduced by the dataVegister of the first memory subsystem and by the data 
register of the second memory subsystem. 

10 _ \ 

25. The memory system according to claim 23 wherein each memory device of 
the first memory subsystem and toch memory device of the second memory 
subsystem is a dynamic random arcess memory device. 

1 5 Iff. A method for storing data in V pipelined memory system, comprising the 
steps of: \ 

communicating commands anmaddresses to a unidirectional command and 

address bus; \ 

communicating data information to a bidirectional data bus; 
20 latching the commands and addresses in a plurality of buffer registers; 

latching the data in a plurality of datk registers; 
driving the latched commands and addresses to a plurality of memory 
devices having addressable storage; \ 

driving the latched data to the plurality df memory devices; and 
25 storing the data in the addressable storageW one of the plurality of memory 

devices. \ 

27. The method of storing information in a pipeliried memory system according 
to claim 26 wherein the step of communicating commands and addresses and the 
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step of communicatin&data communicates according to a packet protocol which 
incorporates a first delay introduced by the buffer register and a second delay 
introduced by the data register. 

5 28. The method of storing information in a pipelined memory system according 
to claim 26 wherein each of tjie memory devices is a dynamic random access 
memory device. 

A method for retrieving a^ta in a pipelined memory system, comprising the 
10 steps of:__ 

issuing commands and addresses on a unidirectional command and address 

bus; 

latching the commands and addresses in a plurality of buffer registers; 
driving the latched commands anq addresses to a plurality of memory 
1 5 devices having addressable storage; 

retrieving the data from the addressable storage of one of the plurality of 
memory devices; 

latching the data in a data register; and 
receiving the data on a bidirectional data 1 
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30. The memory system according to claim 29 wherein each of the memory 
devices is dynamic random access memory device. 



3 1 . The method of storing information in a pipelined memory system according 
25 tc claim 29 wherein the step of communicating commands and addresses and the 
step of communicating data communicates according to a packet protocol which 
incorporates a first delay introduced by the buffer register and as^econd delay 
introduced by the data register. 
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